Although many types of ancient bacteria and archea rely on hydrogen sulfide (H 2 S) for their energy production, eukaryotes generate ATP in an oxygen-dependent fashion. We hypothesize that endogenous H 2 S remains a regulator of energy production in mammalian cells under stress conditions, which enables the body to cope with energy demand when oxygen supply is insufficient. Cystathionine γ-lyase (CSE) is a major H 2 S-producing enzyme in the cardiovascular system that uses cysteine as the main substrate. Here we show that CSE is localized only in the cytosol, not in mitochondria, of vascular smooth-muscle cells (SMCs) under resting conditions, revealed by Western blot analysis and confocal microscopy of SMCs transfected with GFP-tagged CSE plasmid. After SMCs were exposed to A23187, thapsigargin, or tunicamycin, intracellular calcium level was increased, and CSE translocated from the cytosol to mitochondria. CSE was coimmunoprecipitated with translocase of the outer membrane 20 (Tom20) in mitochondrial membrane. Tom20 siRNA significantly inhibited mitochondrial translocation of CSE and mitochondrial H 2 S production. The cysteine level inside mitochondria is approximately three times that in the cytosol. Translocation of CSE to mitochondria metabolized cysteine, produced H 2 S inside mitochondria, and increased ATP production. Inhibition of CSE activity reversed A23187-stimulated mitochondrial ATP production. H 2 S improved mitochondrial ATP production in SMCs with hypoxia, which alone decreased ATP production. These results suggest that translocation of CSE to mitochondria on specific stress stimulations is a unique mechanism to promote H 2 S production inside mitochondria, which subsequently sustains mitochondrial ATP production under hypoxic conditions. mitochondrion | oxygen sensing | evolution | sulfur metabolism | phenylephrine M any photoautotrophic and chemoautotrophic bacteria and certain animals, such as the lugworm Arenicola marina, use sulfide as an energetic substrate. Mitochondria are the powerhouse of eukaryotic cells, where ATP is produced via oxidative phosphorylation. Considering mitochondria as the evolutionary trait of bacteria in eukaryotes, the metabolism of hydrogen sulfide (H 2 S) in mitochondria may serve as a means for energy supplementation. It has been demonstrated that H 2 S can drastically reduce metabolic demand (1). Similar to nitric oxide, H 2 S exerts protective effects on mitochondrial function and respiration (2). However, a conventional belief is that H 2 S is produced in the cytoplasm resulting from the cytosol localization of H 2 Sgenerating enzymes and is consumed through oxidation in mitochondria (3). It was recently demonstrated that mitochondria of human colon adenocarcinoma cells use sulfide as an energetic substrate at low micromolar concentrations, well below toxic levels (4). The foregoing observations call for reevaluation of the metabolism of H 2 S and its role in mitochondrial energization of eukaryotes. In the present study, we explored whether H 2 S can be produced inside mitochondria and if so, the underlying mechanisms of this production. We also examined the correlation of mitochondrial production of H 2 S and oxygen-dependent ATP production.
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any photoautotrophic and chemoautotrophic bacteria and certain animals, such as the lugworm Arenicola marina, use sulfide as an energetic substrate. Mitochondria are the powerhouse of eukaryotic cells, where ATP is produced via oxidative phosphorylation. Considering mitochondria as the evolutionary trait of bacteria in eukaryotes, the metabolism of hydrogen sulfide (H 2 S) in mitochondria may serve as a means for energy supplementation. It has been demonstrated that H 2 S can drastically reduce metabolic demand (1) . Similar to nitric oxide, H 2 S exerts protective effects on mitochondrial function and respiration (2) . However, a conventional belief is that H 2 S is produced in the cytoplasm resulting from the cytosol localization of H 2 Sgenerating enzymes and is consumed through oxidation in mitochondria (3) . It was recently demonstrated that mitochondria of human colon adenocarcinoma cells use sulfide as an energetic substrate at low micromolar concentrations, well below toxic levels (4) . The foregoing observations call for reevaluation of the metabolism of H 2 S and its role in mitochondrial energization of eukaryotes. In the present study, we explored whether H 2 S can be produced inside mitochondria and if so, the underlying mechanisms of this production. We also examined the correlation of mitochondrial production of H 2 S and oxygen-dependent ATP production.
Results
Mitochondrial Localization of Cystathionine γ-Lyase and Production of H 2 S. Under resting conditions, cystathionine γ-lyase (CSE) proteins were detectable in the whole-cell preparation, but not in the mitochondrial fraction, from wide-type (WT) smooth muscle cells (SMCs) (Fig. 1A) . In SMCs from CSE knockout (KO) mice, no CSE band was detected in the whole cell preparation. After cell incubation with 2 μM A23187, CSE proteins were detectable in WT-SMC mitochondria (Fig. 1A) . The appearance of CSE protein in mitochondria was obvious at 16 h after A23187 stimulation and remained so over the 48 h of the experiment (Fig. 1B) . Moreover, CSE translocation into mitochondria was A23187 concentrationdependent (Fig. 1C ). A23187-induced CSE mitochondrial translocation is related to increased intracellular calcium level, and it was inhibited by 43.3 ± 12.2% with 1,2-bis(o-aminophenoxy)ethane-N,N,N′,N′-tetraacetic acid (BAPTA) and by 45.3 ± 15.8% with EGTA ( Fig. 1D) . BAPTA or EGTA alone did not induce mitochondrial translocation of CSE (Fig. S1A) .
To follow the intracellular trafficking of CSE, we transfected WT-SMCs with pCSE-GFP or AcGFP1-N1. Successful transfection with pCSE-GFP was detected by Western blot analysis with an anti-GFP antibody and identified as a 70-kDa product, which is the predicted size of the GFP-tagged CSE (Fig. 1E) . Confocal fluorescence microscopy confirmed that under resting conditions, no GFP-tagged CSE was present in mitochondria. After the cells were treated with A23187, the green image of GFP-tagged CSE merged with the red image of mitochondrial marker (Fig. 1F) , confirming CSE translocation into the mitochondria.
Translocase of the Outer Membrane 20-Mediated CSE Mitochondrial
Translocation. To identify the transport machinery for CSE translocation, we determined the expression profile of translocase of the outer membrane 20 (Tom20). Tom20 was identified in mitochondria isolated from WT-SMCs, and its expression was increased by A23187 ( Fig. 2A) . After A23187 stimulation, mitochondrial CSE translocation occurred, and CSE was coprecipitated with Tom20 (Fig. 2B) . Given that antibodies against CSE and Tom20 are derived from rabbits, rabbit IgGs were used as a blank in coimmunoprecipitation. Tom20 expression levels were the same in WT-SMCs and KO-SMCs. DL-propargylglycine (PPG) treatment of WT-SMCs did not alter Tom20 expression level (Fig. S1B) . In contrast, A23187 treatment of WT-SMCs and KO-SMCs increased Tom20 expression (Fig. S1C) . Together, these data show that the increased Tom20 expression after A23187 is not secondary to altered CSE translocation or activity. To confirm a mediating role of Tom20 for CSE importation into mitochondria, we applied Tom20 siRNA to transfect WT-SMCs. Transfection with Tom20 siRNA for 72 h resulted in a 44.8 ± 11.8% reduction of Tom20 expression (Fig. 2C) . A23187-induced mitochondrial translocation of CSE in Tom20 siRNA-transfected cells was decreased by 46.8 ± 8.9% compared with that without Tom20 knockdown (Fig. 2D) . We also overexpressed Tom20 in WT-SMCs by transfecting the cells with pTom20 for 72 h. This transfection resulted in 95.4 ± 11.6% increase in Tom20 expression compared with untreated blank (Fig. 2E) . Coincidently, the amount of A23187-stimulated CSE translocation into mitochondria with overexpressed Tom20 increased by 87.4 ± 32.7% compared with transfection with the control vector (Fig. 2F) .
Along with promoting mitochondrial translocation of CSE, A23187 treatment also up-regulated the expression of CSE. After WT-SMCs were incubated with 2 μM A23187 for 24 h, CSE protein content was increased by 182.5 ± 28.4% compared with the control group (Fig. 3A) . A23187-stimulated CSE mRNA overexpression was significantly attenuated by pretreatment of the cells with EGTA or BAPTA for 30 min (Fig. 3B ).
To assay whether mitochondrial CSE translocation also could be triggered by other stimuli, phenylephrine (5 μM), thapsigargin (1 μM), and tunicamycin (5 μg/mL) were applied to cells. All three of these agents increased intracellular Ca 2+ (Fig. 3C) ; however, the kinetics of calcium changes with the different stimuli differed significantly. The increase in intracellular Ca 2+ level reached a peak at 37.7 ± 7 s after the application of A23187, 35.2 ± 3.4 s after the application of thapsigargin, and 29.5 ± 3.2 s after the application of tunicamycin (n = 4 for each group), but at only 3.2 ± 0.6 s after the application of phenylephrine (n = 4). Moreover, within 30 s, the effect of phenylpherine on intracellular calcium subsided, but the effects of A23187, thapsigargin, and tunicamycine persisted during the observation period (Fig. 3C) .
Mitochondrial CSE translocation was detected in the presence of thapsigargin and tunicamycine ( Fig. 3D and Fig. S1D ), but not The cells were first transfected with 100 nM Tom20-siRNA for 72 h, after which 2 μM A23187 was added for another 24 h (n = 4; *P < 0.05 vs. other groups). (E and F) Western blot analysis of Tom20 overexpression (E) and its effect on mitochondrial CSE translocation stimulated by 2 μM A23187 for 24 h, with pcDNA3.1(+) applied as control vector (F) (n = 4; *P < 0.05). The images in the panels are representative examples.
in the presence of phenylephrine (Fig. 3D ), H 2 O 2 (100 μM) or LPS (2 μg/mL) (Fig. S2B ). The inhibition of endoplasmic reticulum (ER) stress with 4-phenylbutyrate (4-PBA) decreased the transcriptional expression of atf4, an ER stress marker (5), which was first up-regulated by A23187, thapsigargin, and tunicamycin ( Fig. S2A ). However, 4-PBA did not affect CSE mitochondrial translocation induced by A23187, thapsigargin, or tunicamycin ( Fig. S1D ). Mitochondrial CSE translocation also appears to be cell type-specific. A23187 did not cause CSE translocation into mitochondria in WiDr cells, a colon adenocarcinoma line, although those cells express CSE in their cytoplasm (Fig. S2C ). H 2 S production rate in the A23187-treated WT-SMC mitochondrial fractions was significantly increased compared with nontreated control samples, and this effect was inhibited by 5 mM PPG, a CSE inhibitor. In sharp contrast, A23187 challenge did not alter mitochondrial H 2 S production in KO-SMCs (Fig.  3E) . Knockdown of Tom20 with Tom20 siRNA significantly decreased A23187-induced endogenous production of H 2 S from the intact mitochondria (Fig. 3F) . These data indicate that A23187-stimulated H 2 S production in mitochondria is related to the specific catalytic activity of CSE that translocates from the cytosol to mitochondrion.
Mitochondrial Translocation of CSE Is Important for Mitochondrial
Cysteine Metabolism. A23187 (2 μM) stimulation of WT-SMCs for 24 h increased cytosolic cysteine level by 38.5 ± 3.5% compared with the untreated group (Fig. 4A) . In contrast, A23187 treatment of WT-SMCs decreased mitochondrial cysteine content by 18.8 ± 3.4% compared with the untreated group (Fig. 4B) . Both the A23187-induced increase in cytosolic cysteine level and the decrease in mitochondrial cysteine level were abolished by 5 mM PPG. In KO-SMCs, A23187 had no significant effects on either cytosolic or mitochondrial cysteine level (Fig. 4 A and B) . Mean mitochondrial cysteine levels in WT-SMCs (177.5 ± 5.8 μM) and KO-SMCs (136.2 ± 13.4 μM) were approximately threefold those in cytosolic fractions (Fig. 4C) .
Effect of CSE Mitochondrial Translocation on Energy Metabolism. To test the impact of CSE mitochondrial translocation on energy metabolism, we exposed WT-SMCs to 2 μM A23187 for 24 h under normoxic conditions to induce CSE translocation. This treatment resulted in elevated ATP content, which was partially but significantly blocked by PPG (Fig. 5A) . The same A23187 treatment of KO-SMCs also increased mitochondrial ATP production, but to a significantly lower degree than in WT-SMCs, and it could not be blocked by PPG (Fig. 5A) . Under hypoxic conditions, A23187 treatment increased ATP production only in WTSMCs, not in KO-SMCs (Fig. 5B) , indicating that mitochondrial translocation of CSE is solely responsible for the A23187-induced ATP production in hypoxia. NaHS (0.01-100 μM), a H 2 S donor, caused a concentration-dependent decrease in ATP content under normoxic condition but increased ATP production under hypoxic conditions (Fig. 5C ). The NaHS-stimulated ATP production under hypoxic condition was also observed in intact WT- SMCs (Fig. S2D) . Knockdown of Tom20 expression abolished A23187-induced ATP production (Fig. 5D) , further supporting the role of Tom-20-mediated CSE translocation in the effect of A23187. The ADP/ATP ratio, a value that reflects the state of mitochondrial ATP production, was significantly increased in mitochondria under hypoxic condition, but this increase was reversed by both A23187 and NaHS (Fig. 5E ).
Discussion
Certain types of bacteria and archae contain specific enzymes that provide H 2 S as the energy substrate. Analysis of the universal phylogenetic tree (maps that link the beginning of life on Earth to modern-day life) based on small-subunit rRNA sequences of the organisms represented indicates that almost all life on Earth may share the same universal ancestor, and that some common genetic traits may be passed on down the phylogenetic tree. The use of molecular phylogenetic techniques has led to an initial assumption that mammalian cells (branch of Eucarya) also may be equipped with machinery to produce and use H 2 S (6), especially considering that mitochondria in eukaryotes are evolutionally related to bacteria. The mitochondrial genome in eukaryotes does not include genetic code for H 2 Sgenerating enzymes, however. This difference between bacteria and eukaryote mitochondria of eukaryotes may indicate that the need for H 2 S to regulate energy metabolism has not been reserved during evolution; however, this notion has not been postulated or tested. The present study provides evidence that H 2 S can be produced inside mitochondria after CSE is translocated into mitochondria, and that mitochondrial H 2 S is involved in the regulation of mitochondrial energy metabolism. As such, the conventional thinking regarding the regulation of eukaryote mitochondrial function, compared with that of bacteria, should be revised.
The intracellular localization of CSE in SMCs has not been critically determined. Our data show that under resting conditions, CSE expression and H 2 S production are confined in the cytosol of SMCs, not in mitochondria. On stimulation with the calcium ionophore A23187, CSE translocates from the cytosol into mitochondria, and H 2 S is now produced inside mitochondria. The promotion of CSE translocation by A23187 is due to an increased intracellular calcium level ( (1, 7, 8) . Thapsigargin also may affect protein and DNA synthesis, DNA fragmentation apoptosis (9) , and ER stress (10) . Tunicamycin is a well-known ER stress inducer that acts by blocking N-glycosylation of newly synthesized proteins (11) . Thapsigargine, tunicamycin, and A23187 share the ability to enhance [Ca 2+ ] i as well as induce ER stress (10, 12) , whereas phenylephrine does not affect ER stress (13) . Therefore, we further tested whether the increased ER stress was the cause of CSE mitochondrial translocation. Our results show that the inhibition of ER stress with 4-PBA (5) had no effect on CSE translocation induced by A23187, thapsigargin, and tunicamycin (Fig. S1D) . In this context, the mitochondrial CSE translocation observed in this study is not likely related to the altered ER stress level. On the other hand, the rates of [Ca 2+ ] i increase induced by A23187, thapsigargin, and tunicamycin are much slower and the elevated [Ca 2+ ] i levels persist much longer than those induced by phenylephrine (Fig. 3C) , consistent with previously reported changes in calcium kinetics induced by A23187 (14) , thapsigargin (15) , tunicamycin (11) , and phenylephrine (14) . Thus, we reasoned that CSE mitochondrial translocation may be related to the kinetics and sustained increased levels of [Ca 2+ ] i . The requirement for CSE translocation to mitochondria to support ATP production under stress conditions may be unique to the cells whose metabolism relies on oxygen supply and oxidative phosphorylation and whose H 2 S production is greatly dependent on CSE, such as vascular SMCs. On the other hand, CSE mitochondrial translocation in cancer cells might not be critically needed (Fig. S2C) , given that most cancer cells rely on aerobic glycolysis for their energy supply (16) . Furthermore, CSE is the only H 2 S-producing enzyme in vascular SMCs, whereas in the human colon cancer cells (WiDr), both CSE and cystathionine β-synthase (CBS) play important roles in H 2 S production (17) . The presence of CBS in WiDr cells may compensate for the lack of CSE mitochondrial translocation in situations where mitochondrial ATP production is regulated by H 2 S.
Mitochondrial constitutional proteins (∼3,000) are mostly synthesized in the nucleus and exist in the cytosol as preproteins, except for 13 proteins synthesized inside mitochondria. The preproteins in their unfolded forms are recognized for their consensus motif or presequences represented by φXXφφ (where φ is a hydrophobic amino acid and X is any amino acid) by a group of at least six protein complexes, termed translocases, located in the outer and inner mitochondrial membranes (18) . Translocases rapidly import preproteins into one of the four mitochondrial compartments-outer membrane, intermembrane space, inner membrane, and matrix (19)-where these preproteins are proteolytically processed to their mature forms. Translocases also provide translocation machineries for nonpreprotein molecules, such as tRNA (20) and heme oxygenase-1, which produces carbon monoxide (21) . The activities of translocases are dependent on ATP and/or matrix metalloproteinase (22) . Among identified translocases, Tom complexes are located on the outer mitochondrial membrane. In this study, we have demonstrated the existence of Tom20 (a 20-kDa translocase) in mitochondrial fractions of SMCs. After A23187 stimulation, the expression of Tom20 is significantly increased, and its coimmunoprecipitation with CSE on mitochondrial membranes is elevated. Previous molecular dynamics analyses identified a domain in the C-terminal of CSE (amino acids 384-394) and a domain in the N-terminal (amino acids 51-84) of Tom20, which form the first α-helix, as potential interaction interfaces for binding of Tom20 and CSE (23) (24) (25) (26) (27) (28) . This is consistent with previous reports of a grooved configuration formed by the first and third helixes of Tom20 that serves as the binding site for recognition of proteins bearing a signal motif, for example, the amino acid sequence 389-393 (leucine-aspartic acid-arginine-alanine-leucine) (29) . The binding of Tom20 with CSE appears to be the prerequisite for CSE mitochondrial translocation. This conclusion is supported by two lines of evidence: the elimination of CSE translocation after knockdown of Tom20 expression and the enhancement of CSE translocation after Tom20 overexpression in SMCs.
Given that H 2 S is relatively permeable to lipid bilayer, it may be asked why it matters whether or not CSE is translocated into mitochondria to produce H 2 S there. There are several worthy possible answers to this intriguing question. As a reactive molecule, H 2 S produced in the cytosol can be transformed, buffered, or scavenged before it diffuses into mitochondria to affect mitochondrial functions. H 2 S production inside mitochondria near the microdomain where the electron transport chain and ATPase operate, would require that CSE and its substrate cysteine be inside the mitochondria. L-cysteine in mammalian cells is catabolized by one of two pyridoxal-5′-phosphate-dependent enzymes, CBS or CSE (30) . Cysteine does not diffuse freely across the mitochondrial membrane; the concentration gradient for cysteine across the mitochondrial membrane is approximately three in SMCs under resting conditions. Previous studies also have reported that in liver mitochondria the cysteine level was about four times of that in the cytosol (31, 32) .
Translocation of CSE into mitochondria helps reduce mitochondrial cysteine via desulfhydration reactions (33) . Cysteine metabolites such as H 2 S function as antioxidants (34) . Pyruvate, another cysteine metabolite, is critical in supporting the mitochondrial electron transport chain and ATP production, and in reducing electron leakage. In the present study, we found that, in synchrony with the increase in H 2 S level in mitochondria, A23187 stimulation decreased the cysteine content of mitochondria. This effect can be attributed to the catalyzing effects of mitochondrial CSE. In contrast, A23187 stimulation increased cytosolic cysteine content, possibly due to A23187-induced CSE overexpression. CSE also is responsible for converting cystathionine into cysteine in mammals (35) . The A23187-decreased concentration gradient of cysteine across the mitochondrial membrane is a result of CSE translocation, as demonstrated by the complete disappearance of this gradient change in KO-SMCs, which lack CSE expression. Thus, CSE translocation to mitochondria under stressed conditions may play a crucial role in mitochondrial cysteine metabolism.
In the cardiovascular system, H 2 S at physiological concentrations (i.e., low micromolars) mitigates ischemia/reperfusion injury by inhibiting inflammation and preserving mitochondrial functional and structural integrity (36) . The present study elucidates one of the molecular mechanisms for H 2 S-induced preservation of mitochondrial function. A previous study found that A23187 stimulates mitochondrial ATP production via increased activity of mitochondria-bound hexokinase (37) . As shown here, A23187 also stimulates ATP production in part through mitochondrial translocation of CSE in vascular SMCs. The A23187-increased ATP production is reduced to the same degree in the PPG-treated WT-SMCS and in KO-SMCs without PPG treatment. These unique observations reaffirm a critical role of CSE translocation and involvement of CSE-generated H 2 S in mitochondria in regulating energy metabolism. With hypoxia alone or NaHS application alone, ATP production from mitochondria is reduced. This reduction is not surprising, because it has been reported that H 2 S decreases ATP content under normoxic condition (38) . What is intriguing is that H 2 S, either produced endogenously after A23187-stimulated CSE translocation or provided in the form of NaHS, reversed the hypoxia-repressed mitochondrial ATP production and decreased the ADP/ATP ratio (Fig. 5) . The physiological relevance of this observation on the isolated mitochondrial preparation was validated using the cultured intact SMCs, in which NaHS also partially reversed hypoxia-inhibited ATP production (Fig. S2D ). Our results suggest that H 2 S may function as an energy substrate to sustain ATP production under stress conditions. In other words, in conjunction with hypoxia, H 2 S may help produce more ATP. H 2 S at toxic levels inhibits cytochrome c oxidase, a key component of the mitochondria respiratory complex IV (1). By doing so, it inhibits ATP production under normoxic conditions. The electrons generated from the oxidative phosphorylation pathway can be transported from quinone to cytochrome oxidase on their way to drive the synthesis of ATP. With a physiological level of H 2 S, cytochrome c oxidase is not inhibited, and sulfide oxidation likely contributes to mitochondrial ATP production (39) . With hypoxia, the electrons from sulfide can be injected into the mitochondrial electron transport chain, directed toward the reduction of malate to succinate by reversing the mitochondrial complex II (4). This bioenergetic process may be catalyzed by sulfide quinone reductase, which is linked to the electron transport chain (40) .
In conclusion, we found that in response to elevated [Ca 2+ ] i level CSE can be translocated from the cytosol into mitochondria, aided by Tom20, in vascular SMCs. This leads to the metabolism of cysteine and production of H 2 S inside mitochondria. As such, the conventional belief that H 2 S in eukaryotes is produced only in the cytosol and consumed in mitochondria is incorrect. Furthermore, the notion that eukaryotes do not need H 2 S in the energy metabolism process should be revised. In SMCs, mitochondrial CSE translocation and H 2 S production confer resistance to hypoxia by increasing ATP synthesis. By sensing the oxygen levels in mitochondria, H 2 S regulates ATP production under different conditions, thereby fulfilling the roles of an oxygen sensor (41) and a regulator of energy metabolism. These findings may help deepen and widen our understanding of fundamental sulfur metabolism and the regulation of mitochondrial energy metabolism in eukaryotes.
Materials and Methods
Cell Culture and Treatments. SMCs from mesenteric arteries of WT mice (WTSMCs) or from CSE KO mice (KO-SMCs) were isolated and identified as described previously (42) . For hypoxic conditions, cells or isolated mitochondria were exposed to hypoxia by incubating the preparations in an anaerobic chamber (Coy Laboratory Products) with a continuous flow of a humidified mixture of 1% O 2 , 94% N 2 , and 5% CO 2 gas to maintain the partial pressure of O 2 at 29.8 ± 1.5 mmHg (n = 8) at 37°C, compared with 154 ± 8.8 mmHg (n = 8) for the media under nomoxic condition (5% CO 2 in room air). O 2 partial pressure of the media was measured using a Gem OPL CO-Oximeter (Premier 3000; Instrumentation Laboratory). Each measurement of O 2 partial pressure was repeated for at least four times.
Measurement of Mitochondrial H 2 S Production Rate and H 2 S Concentrations.
Mitochondrial fractions were isolated and sonicated in 50 mM ice-cold potassium phosphate buffer (pH 6.8). H 2 S production rate of sonicated mitochondria was measured as described previously (43) . More details are provided in SI Materials and Methods.
Statistical Analysis. All data are expressed as mean ± SEM. Statistical analyses between two groups were performed using the unpaired Student t test.
Statistical analysis of more than two groups was performed using one-way ANOVA with Dunnett's multiple-comparisons post hoc test. A P value < 0.05 was considered statistically significant.
